Keywords: brain calcinosis; haemodialysis; hypoparathyroidism; intracranial calcifications; vitamin D Extraskeletal (or 'soft tissue') calcifications are frequently seen in uraemic patients [1, 2] , especially in patients with end-stage renal failure [1] [2] [3] . Although periarticular calcifications, calcifications of medium-sized arteries, visceral calcifications mainly affecting the heart, lung and kidney, cutaneous/subcutaneous calcifications, and ocular calcifications [1] are described frequently in dialysis patients, their pathogenesis is still incompletely understood. Numerous underlying factors are thought to favour their formation, such as an increased calcium × phosphate (Ca × P) product, secondary hyperparathyroidism, advanced age, aluminium overload and low-turnover bone disease, administration of vitamin D analogues and impaired magnesium metabolism. In addition, a number of other systemic (changes in pH status, race, vitamin K, TGF-β) and local (focal tissue injury, local changes in pH or expression of growth factors) parameters have been implicated, the relative roles of which are, however, still uncertain.
She had undergone a total thyroidectomy 54 years previously, due to goitre. Hypothyroidism requiring thyrormone supplementation and marginal hypocalcaemia were since reported. Twenty-three years prior to the current admission, she developed hypertension and incipient renal insufficiency. The primary cause was considered to be renovascular disease, but her case was not pursued further. Her recovered follow-up data revealed that 15 years previously, she had a serum creatinine of 1.4 mg/dl, normal urinary sediment, serum calcium of 8.1 mg/dl and serum phosphate of 6.8 mg/dl, while receiving alphacalcidol at 1 mg/day.
Nine years prior to the present admission, while her serum creatinine was 1.8 mg/dl, she underwent a radionuclide study with 99m Tc-Mag3 showing decreased renal perfusion and abnormal parenchymal function with reduced kidney size. Alphacalcidol was discontinued 5 years ago due to hypercalcaemia, when her serum creatinine had risen to 2 mg/dl. Her renal function gradually worsened and the patient finally reached end-stage renal failure. Renal replacement treatment with haemodialysis was initiated 9 months prior to admission. Intact parathormone (iPTH) measurements at that time were in the range 0-1 pg/ml.
On admission, the patient was drowsy and possessed a BP of 130/80 mmHg and temperature of 36.4
• C. Physical examination revealed a mild systolic murmur at the heart apex that radiated to the neck, and a systolediastolic murmur at the umbilical area and groin region. Neurological examination was remarkable for fixed, symmetrical pupils, normal pyramidal signs and reflexes, reduced muscle tone, a Parkinsonian tremor, impaired posture and gait. The patient was alert, but slightly disoriented with memory defects. Fundoscopy showed mild papillary oedema. Blood gases were within normal limits. The skull x-ray revealed discrete intracranial calcifications ( Figure 1) . A CT scan of the head demonstrated the presence of numerous, symmetrically located calcifications in both frontal lobes, subcortical nuclei, the paraventricular region, brain fornix, as well as both cerebellar hemispheres (Figure 2 ). Further radiological evaluation revealed extended calcification of arteries of various sizes ( Figure 3 ). 
Discussion
Hypoparathyroidism is a clinical disorder that manifests when the parathyroid hormone (PTH) produced by the parathyroid gland is insufficient to maintain the extracellular fluid calcium within normal range, or when adequate circulating concentrations of PTH are unable to function optimally in target tissues to maintain normal calcium levels. The most common cause of hypoparathyroidism is surgical excision of, or damage to, the parathyroid glands as a result of total thyroidectomy, radical neck dissection for various cancer types or repeated operations for hyperparathyroidism.
Although rare in the general population, central nervous system calcifications have long been noted in association with hypoparathyroidism of various origins and are present in as many as 80% of unselected cases [5] [6] [7] [8] [9] [10] [11] . Calcifications may be located in many areas of the brain, but are particularly common in the basal ganglia, where their presence has been associated with seizure disorders and extrapyramidal motor dysfunction [12, 13] . Dementia, characterized by 'poor concentration, impaired memory, disorientation and apathy' has been noted in hypoparathyroid patients at the time of diagnosis [14] , but it usually resolves with the correction of hypocalcaemia [14] . Furthermore, more permanent cognitive deficits have been noted in patients with chronic hypoparathyroidism [11, 15, 16] .
Calcifications of the basal ganglia or more widespread intracranial structures may be detected on routine radiographs or by enhanced imaging (CT or MRI), and EEG changes may be present. Using conventional skull radiography, intracranial calcifications were noted in 20% of patients with chronic hypoparathyroidism, while CT and MRI imaging revealed similar lesions in patients with negative skull x-rays [17] . It is estimated that the caudate nucleus is always affected. Brain calcifications are symmetrical and besides, the basal ganglia may rarely affect the symmetrical cortex, occurring predominantly in the frontal lobe, subcortical white matter, thalamus and cerebellum [18] .
The positive correlations between the extent of intracranial calcifications and both the degree of cognitive loss and presence of motor abnormalities suggest a pathophysiological relationship, the nature of which is obscure, but presumably associated with neuronal loss. Although Virchow [19] and Bamberger [20] independently described the histology of bilateral basal ganglia calcifications in 1855, it was not until 1939 that their association with hypoparathyroidism was recognized by Eaton et al. [21] . Bhimani et al. have identified the microscopic location of brain calcification in postsurgical hypoparathyroidism patients as primarily vascular and perivascular [22] . Thus, an ischaemic mechanism might contribute to the abnormalities.
The primary pathogenic mechanism by which hypoparathyroidism results in intracranial calcification is far from clear [3, 23] . Hyaline degeneration and calcification of the media and adventitia of the small blood vessels have been described, and abnormal calcium and phosphorus concentrations in the extracellular environment have been suggested to play a role in the development of calcinosis [23] . However, the concentrations of calcium and phosphorus in the cerebrospinal fluid are unchanged in conditions associated with an excess or deficiency of PTH [23] . Several investigators suggest that PTH can penetrate the blood-brain barrier and can have a direct effect on brain function, while others have hypothesized an interaction between PTH and basal ganglia-specific binding sites [23, 24] . Of importance is the fact that defects were observed in patients who were, for the most part, adequately treated [3] . Smits et al. reported that the extent of basal ganglia and dentate nuclei calcifications increased during normocalcaemia, which was caused by dihydrotachysterol therapy [25] . Whether conventional therapy with calcium and vitamin D supplementation may prevent or, conversely, contribute to the development of cognitive deficits, has not been addressed. A potential role for vitamin D in the pathogenesis of soft tissue calcifications, even in the absence of increased calcium or phosphorus levels, is supported by numerous clinical observations in patients with vitamin D intoxication [1] . It may occur through an enhancement of calcium and phosphorus absorption with subsequent direct precipitation in soft tissues, and/or via an increase in the expression of calcification-regulating proteins, such as osteopontin in the skin or in atheromatous blood vessels. Vitamin D derivatives also stimulate intestinal oxalate absorption, increase plasma oxalate saturation, and thereby enhance the risk of ectopic calcium crystal deposition [26] .
The aetiology of extraskeletal calcification in patients with chronic renal failure has been linked to a variety of factors, mainly age, male gender, smoking, inflammation, hypertension, dyslipidaemia, and diabetes as in the general population. In addition, metabolic and endocrine disturbances, which are more frequently found in uraemic than non-uraemic patients, contribute significantly to abnormal calcium deposition, such as hyperparathyroidism, hypercalcaemia, hyperphospataemia, high Ca × P product, oxidative stress and overtreatment with calcium-containing drugs and vitamin D derivatives. Calcifications of the intracranial vessels have been reported in up to 10% of uraemic patients [4] . However, widespread intracranial calcification is extremely rare. An e-database search revealed only two documented cases, which were attributed to severe uncontrolled hyperparathyroidism with a high Ca × P product under large doses of vitamin D [27, 28] . It seems that intracranial calcifications can occur in both high and low parathyroid concentration and that brain calcinosis is more related to vitamin D treatments.
In conclusion, we report a dialysis patient who manifested a neurological disorder due to intracranial calcifications related to chronic hypoparathyroidism. The course of the patient was serious, with gradual deterioration of the neurological deficits leading to coma and ultimately to death. 
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